Effects of DRD4 and 5-HTTLPR length polymorphisms have been reported on neonatal and infant temperament as well as adult personality traits. The 7-repeat form of the DRD4 III exon VNTR polymorphism has been associated with childhood ADHD, and recently we have reported its link with attachment disorganization in a nonclinical population of infants. Here, we report associations of these polymorphisms with infant temperament at 12 months of age. Maternal accounts of temperament and observed response to novelty were investigated for 90 infants, who were independently genotyped for the DRD4 III exon, and for 5-HTT-linked promoter region length polymorphisms. Maternal rating of temperament was not affected by these polymorphisms, but we found combined genotype effects for infants' observed responses to a novel, anxiety-provoking stimulus: the appearance of, and approach by, a stranger. Infants with at least one copy of both the 7-repeat DRD4 allele and the long variant of 5-HTTLPR (7 + , l/l&l/s) responded with significantly less anxiety than infants with other genotypes. However, infants with the 7-repeat DRD4 allele and homozygous for the short form of 5-HTTLPR (7 + , s/s) showed more anxiety and resistance to the stranger's initiation of interaction. These genotype effects were not redundant with the previously reported association between the 7-repeat DRD4 allele and disorganized attachment behavior. Although both temperament and attachment behavior were affected by the DRD4 repeat polymorphism, the effect on temperament measures was modified by the infants' 5-HTTLPR genotype. Molecular Psychiatry (2003) 8, 90-97.
Introduction
Dopamine and serotonin receptor and transporter genes have been the focus of recent research-seeking associations among particular gene polymorphisms with both normal traits and psychopathologies. 1 One of the most frequently studied candidate genes is the dopamine D4 receptor (DRD4) gene with variable numbers of a 48 bp repeat (48 bp VNTR) in exon III. 2 The most common form of the DRD4 gene is the 4-repeat variety, followed by the 7-repeat form. 3 The 7-repeat variant of the dopamine D4 receptor is two to three times less potent in dopamine-mediated coupling to adenylyl cyclase than the 4-repeat form. 4 Another repeat polymorphism that has been linked to human personality traits is the 22 bp VNTR in the promoter region of the serotonin transporter gene (5-HTTLPR), 5 with a common 16-repeat (long, l) allele and a less frequent 14-repeat (short, s) allele. The short form of 5-HTTLPR has been shown to reduce transcription efficiency of the serotonin transporter 6 and serotonin uptake. 7 Adult Novelty Seeking was the first personality trait to be linked to the DRD4 polymorphism. 8, 9 The picture was later refined by the report of an interaction between the DRD4 and 5-HTTLPR polymorphisms: compared to the other genotype combinations, the presence of the 7-repeat DRD4 allele together with at least one long version of the serotonin transporter promoter (l/l or l/s genotypes) significantly increased TPQ Novelty Seeking scores. 10 The 14-repeat (s) allele of 5-HTTLPR has been linked to traits of negative emotionality in both men and women; 5, 11, 12 however, results for infants and children have been equivocal. allele along with the homozygous short (s/s) 5-HTTLPR genotype has been linked with lower neonatal Orientation scores 10 and higher motherreported Distress to Limitation scores. 14 In addition, specific variants of the dopamine D4 receptor and the serotonin transporter have both been linked to psychopathology, such as ADHD, [15] [16] [17] Tourette's syndrome, 18 impulsive and compulsive behavior, 19 and depression. 20 An effect of the DRD4 III exon repeat polymorphism has recently been associated with disorganized attachment: we found a higher frequency of the DRD4 7-repeat allele in one-year-old infants whose attachment to the mother was classified as disorganized/disoriented. 21 Here we report the combined effects of the D4DR and the 5-HTTLPR VNTR polymorphisms on infant temperament at 12 months of age. In a longitudinal study of infants' behavioral development, we have assessed temperament by means of maternal reports on Rothbart's Infant Behavior Questionnaire (IBQ) 22 at 9 and 12 months, and by observing infants' initial responses to novelty in the laboratory at 12 months. Although mothers are asked to observe their children for a week before filling in the temperament questionnaire, their evaluation of children's behavior might be influenced by their subjective perception. 23, 24 It has indeed been acknowledged and demonstrated repeatedly that there is only weak or moderate agreement between parental and observer ratings on temperament questionnaires. 25, 26 One way to improve the measurement of temperament is to supplement maternal reports with the observation of infant behavior that is relevant to temperament. Infants' emotional and exploratory responses to novel physical and social environment can be reliably observed in a wellcontrolled laboratory situation where they are exposed to a sequence of appropriately designed stimulus conditions. 27 
Methods

Participants
The low-risk community sample of 103 middle-class families with healthy, full-term, first-born infants (BW42500 g) was recruited through maternity hospitals for participation in the longitudinal Budapest Infant-Parent Study (BIPS) to investigate infants' social-emotional development. The sample was ethnically homogeneous, Caucasian, and of Hungarian origin. Signed informed consent was obtained from the parents for participating in the whole study, and again from 95 parents separately for the genetic investigation (five more cheek cell samples were received after publication of our previous report). 21 The remaining families either moved away by the time of the DNA sampling or the children refused to allow the collection of cheek cells. The sex ratio and infant characteristics in the participating and the 'drop-out' families did not differ significantly. Some mothers returned improperly completed temperament questionnaires; thus the sample size in the present report was reduced to 90. This subsample is not identical with the subsample included in our previous report of BIPS, as four infants of the previous subsample did not have a completed questionnaire, and one videotape could not be coded for temperament measures due to a missing sound recording. The research protocol has been approved by the Institute of Psychology Ethical Committee.
Behavioral measures
Rothbart's Infant Behavior QuestionnaireFMother Report Rothbart and Derryberry defined reactivity as behavioral and physiological responsiveness, which is modified by the neural and behavioral processes of self-regulation. 28 The 94-item IBQ months were substituted by 12-month data, and for the four missing questionnaires at age 12 months data collected at 9 months were used. Scale means were comparable to those reported by Rothbart. 29 Observed response to novelty The 12-to 13-monthold infants and their mothers were videotaped in the Ainsworth Strange Situation, 30 which has been developed for measuring the balance of infants' exploration and attachment behavior in an unfamiliar place and in the presence of a strange person, before and after brief separations from the mother. We utilized the introductory, preseparation episodes of the procedure when first mother and infant were alone, and then a stranger/experimenter entered and gradually approached the infant as a standardized context for observing and measuring the infant's initial responses to the novel environment and the unfamiliar person. We developed a coding scheme to measure discrete behaviors in these episodes.
In the first episode, the infant is placed on the floor at a minimum distance of 1 m from a variety of toys and is allowed to explore the novel physical environment. After 3 min, in the second episode, a friendly female stranger enters, thus providing the novel social stimulus. After sitting silently for a minute, then chatting for another minute with the mother, the stranger tries to engage in interaction with the infant. Five measures were developed to describe infant behavior, which was continuously coded from videotape. Three latencies (seconds) were measured: Latency to play (time from entering the room to the start of the infant's first play bout with toys in the first episode), Latency to smile at stranger (time from the stranger's entry to the infant's first smile at her, second episode), and Latency to accept toy from stranger (time from the stranger's first bid to the infant's accepting and actively playing with an offered toy, second episode). Relative durations (%) were used for the Emotional state and the Interaction with stranger measures. Emotional state was continuously coded from the beginning to the end of each of the two episodes. Four states were defined (an emotional state, to be coded, had to last for at least three consecutive seconds): NegativeFcry and/or strong negative facial expression, puckering up to cry; AnxiousFworried, tense expression, automanipulation, decreased or ceased activity; NeutralF calm, no signs of either positive or negative emotions; PositiveFhappy face, smile, positive vocalizations. Interaction with stranger (smiles at, vocalizes to, accepts toy from, plays with stranger) was continuously recorded during the second episode. .65, respectively). Anxious and negative emotional states were expected to reflect the emotional response to novelty. There were very few (six) infants who showed negative emotions as defined here, so the Negative emotional state proved to be an inadequate variable.
Thus, two variables were used to describe the response to the novel physical environment (Latency to play and Anxious-1), and four variables described the infant's response to the unanticipated entry of, and approach by, a strange person (Latency to smile, Latency to accept toy, Anxious-2, and Interaction with stranger). Observer reliabilities were estimated by Spearman correlation coefficients. 31 Intra-observer reliabilities ranged from 0.817 to 1.000 (mean ¼ 0.958), while inter-observer reliabilities were in the range 0.815-0.997 (mean ¼ 0.939), both based on recoding the same, randomly chosen 10 footages (11%). In six cases, mothers placed the infant on the floor not at the required distance from, but actually among, the toys; thus, Latency to play could not be measured.
Attachment classification: Videotapes of the Strange Situation 30 were evaluated for attachment disorganization as described earlier by Lakatos et al.
21
Each infant was rated on a nine-point scale and those with a D-score X5 were classified as disorganized (D).
Genotyping
Noninvasive sampling, DNA isolation, and PCR amplification of DRD4 exon III VNTR were carried out as previously described. 32 5-HTTLPR genotypes were determined from the same DNA sample according to Heils et al 6 with some modifications (primers used: 5 0 GGC GTT GCC GCT CTG AAT GC 3 0 and 5 0 GGC GTT GCC GCT CTG AAT GC 3 0 ; thermocycling was initiated at 951C for 10 min to activate HotStar DNA polymerase (Qiagen) followed by 35 cycles of 1 min denaturation at 951C, 1 min of annealing at 651C and 1 min extension at 721C, and completed by 10 min of extension at 721C). In both VNTR polymorphisms dGTP was replaced with dITP in 50% in order to avoid allelic drop-out in heterozygotes.
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DRD4 48 bp VNTR genotype and allele frequencies in the BIPS sample population were the same as previously reported, 21 and were similar to the frequencies recently determined in a larger Hungarian population, showing a good agreement with the Hardy-Weinberg equilibrium (P40.9). 33 Frequencies of the 14-and the 16-repeat 5-HTTLPR alleles in the BIPS sample were 0.394 and 0.606, respectively. These values are similar to those in populations of European descent. 34 Genotypes (see Table 1 ) were in Hardy-Weinberg equilibrium (w 2 ¼ 0.01, P40.99). All the genotyping was done at the Institute of Medical Chemistry, Molecular Biology and Pathobiochemistry, Semmelweis University, blind to the psychological measurements.
Grouping
Two approaches were used to group the DRD4 genotypes: (1) absence (7 À ) vs presence (7 + ) of the 7-repeat allele, and (2) comparison of 4/4 vs 4/7 genotypes, since 4-and 7-repeat alleles accounted for the majority of alleles in the population. We have not used the short vs long dichotomy for grouping DRD4 genotypes, partly because for our population it was almost the same as the 7 À vs 7 + (there was only one infant with the genotype 4/8, all others with a different long allele also had a 7-repeat allele as well). Also, Wong et al 35 cautioned against the short vs long grouping by calling attention to the nonlinear nature of binding properties of alleles of different length. To facilitate comparison with the previous report by Auerbach et al, 14 for investigating the effect of the 5-HTTLPR polymorphism l/l and l/s genotypes were combined and compared to the s/s genotype. There was no significant multivariate main effect of infant sex for the IBQ scales or variables of observed temperament, so the sexes were combined for further analyses of possible genotype effects.
Statistical analysis
All the behavioral variables had a full range, but distributions of the observed measures with one 36 were carried out to test group differences.
Results
Genotype effects for temperament ratings on Rothbart's IBQ First, two-way (DRD4 7 À vs 7 + Â 5-HTTLPR s/s vs l/l&l/s) MANOVAs were used to investigate genotype effects for the 9-and 12-month IBQ scale scores. No multivariate or univariate main effects or interaction effects were found in these analyses. Table 1 summarizes the raw means and standard errors of behavioral variables describing infants' response to novelty separately for the DRD4 and 5-HTTLPR genotypes. Genetic effects for Latency to play and Anxious-1 variables measuring responses to the novel physical environment (before entry of the stranger/experimenter) were tested by separate twoway (DRD4 Â 5-HTTLPR) ANOVAs, because there were somewhat reduced group sizes for Latency to play (see the Methods section). There were no significant main or interaction effects of genotypes for these two variables regardless of the genotype grouping (see Table 1 ).
Genotype effects for observed response to novelty
Four variables were used to describe the infant's response to the strange person (see Table 1 ). Clearly, there was an overall increase of relative duration of infants' anxiousness (F[1,88] ¼ 51.7, Po0.0001) following the unanticipated entry of the stranger, which validated our measurement scheme. Genotype effects on infant response to the presence of, and being approached by, a strange person were examined by a two-way MANOVA of the four dependent variables, with infants grouped by the DRD4 (7 À vs 7 + ) and 5-HTTLPR (s/s vs l/l&l/s) genotypes. There was a marginally significant multivariate main effect of the 5-HTTLPR polymorphism (F[4,83] ¼ 2.01, P ¼ 0.100) and also a multivariate DRD4 Â 5-HTTLPR interaction effect (F[4,83] ¼ 2.14, P ¼ 0.083).
The univariate analyses showed a significant main effect (F[1,86] ¼ 4.18, P ¼ 0.044) of the 5-HTTLPR genotype for Anxious-2: infants homozygous for the short allele (s/s) showed more anxiousness (see Table  1 ). However, the DRD4 Â 5-HTTLPR interaction effect for Anxious-2 also approached significance (F [1, 86] + ) increased (Mann-Whitney z ¼ -1.77, P ¼ 0.08) the latency to smile at the stranger. Figure 1c shows genotype effects for Latency to accept toy from the stranger. Infants who carried the DRD4 7-repeat allele showed relatively high latencies regardless of their 5-HTTLPR genotype. However, the 5-HTTLPR s/s genotype significantly lowered the latency in the absence of the DRD4 7-repeat allele (Wilcoxon W ¼ 44.0, P ¼ 0.006). The latency to accept the stranger's initiation was moderately correlated with the proportion of time infants spent interacting with the stranger (Spearman r ¼ À0.49, Po0.001). Consequently, the genotype effects for the Interaction with stranger variable showed a somewhat complementary pattern (see Figure 1d ). An ANCOVA with the Latency to accept toy as a covariate showed that the highly significant relationship between these two variables (F[1,85] ¼ 21.1, Po0.000) was largely responsible for the genotype effects on Interaction with stranger. After including Latency to accept toy in the model, the DRD4 Â 5-HTTLPR interaction effect did not reach significance (F[1,85] ¼ 2.01, 4.06, P ¼ 0.16).
The above patterns of genetic effects for infants' response to a stranger were almost identical when DRD4 genotypes were grouped by the two most common genotypes of 4/4 vs 4/7. + l/ l&l/s and 7 + s/s genotypes; 46 and 9 for infants with 7 À l/l&l/s and 7 À s/s genotypes, respectively.
Association of DRD4 and 5-HTTLPR with infant temperament K Lakatos et al
Relations between maternal ratings of negative emotionality and observed response to novelty Pearson correlation coefficients were computed between scores on the two Rothbart distress scales related to negative emotionality at ages 9 and 12 months (see Methods) and the variables describing infants' observed response to the novel environment and to the stranger. All the values were in the -0.14 to 0.10 range, and none was significant.
Genotype effects for attachment disorganization
As mentioned above, we previously found that the 7-repeat DRD4 allele was overrepresented among infants who showed disorganized attachment to their mother in the Strange Situation. 21 Since the DRD4 polymorphism together with the 5-HTTLPR polymorphism was associated with infant temperament in the preseparation episodes of the Strange Situation, it seemed reasonable to investigate the possible genotype effect of the 5-HTTLPR on attachment behavior as well. Table 2 shows that the distribution of the 5-HTTLPR l/l, l/s, and s/s genotypes did not significantly differ between infants with disorganized (D) and non-disorganized (non-D) attachment. Moreover, the distributions did not differ when they were analysed separately for the groups with and without the DRD4 7-repeat allele. A similar result was found when genotype effects for D-score, the dimensional measure of disorganization, were investigated. Using a two-way (DRD4 Â 5-HTTLPR) ANOVA, we found a significant main effect of the presence of the 7-repeat DRD4 allele only (F [1, 84] 
Discussion
We did not find genotype effects on the Rothbart temperament dimensions; that is, in infants at 9 and 12 months of age we did not find the effects reported by Auerbach et al 14 for Negative Emotionality in 2-month-old infants. We have, however, found genetic effects for infants' observed response to novelty. This is of interest, because the onset of fearful responding to strange objects and strange persons at 7-9 months of age is generally viewed as part of normal development. 37 Summarizing the genetic effects on infants' observed response to physical and social novelty, we found no genotype effect for behavior elicited by the strange place and objects, but there were complex effects for various behavioral indices of the response to social novelty. As expected, being approached by a strange person was a highly salient, stressful stimulus for a 12-month-old infant, even in the presence of the mother. This was shown by an overall increase of the duration of anxiety following the entry of the stranger, especially for infants homozygous for the short 5-HTTLPR version (see Table 1 ). This effect is consistent with findings of association between this polymorphism and anxietyrelated traits in humans 5, 11 and in infant rhesus monkeys. 38 The results illustrated by Figures 1a-d also show that individual responses to social novelty have been influenced by a combination of the DRD4 and 5-HTTLPR genotypes. Infants with the long 5-HTTLPR and the 7-repeat DRD4 alleles were ready to interact with the stranger, and significantly less anxious than infants with the three other genotype combinations. This effect was consistent with the finding for adult Novelty Seeking reported by Ebstein et al, 10 but infants with s/s 5-HTTLPR and lacking the 7-repeat DRD4 allele were also open to interaction with the strange person. Infants in the small group with a 7-repeat DRD4 allele and s/s 5-HTTLPR genotype, however, were different from all others in that they were highly fearful in the presence of the stranger, significantly slower to warm up, and unwilling to engage in interaction with the stranger.
Interestingly, none of the observed behavioral measures was associated with mother-reported Distress and Latency to Approach Sudden and Novel Stimuli. This is consistent with reported differences between mother-reported ratings and observed temperament measures. For example, comparing the IBQ scales with observed response to novel stimuli, Rothbart 29 found no association between parental rating on 'Distress to Sudden or Novel Stimuli' and latency to approach and grasp a high-intensity (moving, noisy) toy in the laboratory. Goldsmith et al 39 reported a similar finding: 9-month-old infants' Association of DRD4 and 5-HTTLPR with infant temperamentreaction to a male stranger's approach and physical contact was only weakly correlated to maternal report of distress to novelty. The role of temperament in the development of attachment relationships, and especially its effect on children's behavior in the Strange Situation, has long been an important and highly controversial issue. 40 The nature and extent of overlap between attachment and temperament have been addressed by both theoretical and empirical studies. 41 There is empirical support for the contribution of both parenting behavior 42, 43 and early temperament (eg, negative emotionality 44, 45 or reactivity 46 ) to insecure and disorganized attachment, but the correlations are only small to moderate. Also, it is not clear what the causal relationships are among individual variations of temperament, parental behavior, and attachment quality. In our study, some aspects of infant temperament were influenced by combinations of DRD4 and the 5-HTTLPR genotypes, while attachment disorganization was affected by the DRD4 polymorphism only. The association of the same functional polymorphism (DRD4) with both infant temperament and attachment suggests that the overlap between them might be, among other things, related to genes involved in aminergic neurotransmission.
In summary, we found a combined effect of the DRD4 and the 5-HTTLPR polymorphisms on infants' observed response to the unexpected appearance of a stranger, a highly salient anxiety-provoking stimulus at the age of 12 months. While infants carrying the 7-repeat DRD4 and the long 5-HTTLPR alleles were least anxious, those with the 7-repeat DRD4 allele and homozygous for the short 5-HTTLPR version were highly anxious in the presence of, and less willing to interact with, an unfamiliar person. We showed that these genotype effects were not redundant with the previously reported association of DRD4 polymorphism and disorganized attachment behavior; that is, although both temperament and attachment behavior were affected by the DRD4 polymorphism, the effect on temperament measures was further modified by the infants' 5-HTTLPR genotype. We have used conservative statistical tests, but some of the groups in the above analyses were very small and independent replication studies are necessary to confirm our findings. Data collection from siblings in our principal sample is in progress and will allow supplementing the current study with a family-based approach.
